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(54) Method and apparatus for treating psoriasis using pulsed electromagnetic radiation 



(57) A method and apparatus for treating psoriasis 
Includes a source of incoherent electromagnetic energy. 
The energy Is directed to a region of tissue to be treated. 
The pulse duration and the number of pulses may be 
selected to control treatment parameters such as the 
heating of healthy tissue and the penetration depth of 
the energy to optimise the treatment. Also, the radiation 
may be filtered to control the radiation spectrum and 
penetration depth. The filtering may include attenuating 
an UV portron of the radiation spectrum and portions of 
the spectrum below a desired treatment bandwidth. A 
light guide for large or small spot sizes may be used to 



direct the light to the sl^in. A cooling gel is applied to the 
skin to be treated In another embodiment. The gel may 
be cooled either before or after It is applied to the skin. 

The use of apparatus comprising a housing (5)> In- 
cluding a window (11 ), a light source (1 ) disposed within 
the housing, wherein the light source Is capable of pro- 
ducing Incoherent radiatbn in the visible and near Infra- 
red range of wavelength, a reflector (2) disposed within 
the housing and further disposed to direct the light 
through the window, and a filtering system disposed in 
the path of the radiation in a method of treatment of pso- 
riatic plaque. 
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Description 

The present invention relates generally to a method 
and apparatus for treating psoriasis. More particularly, 
the invention relates to treating psoriasis by Irradiating 
psoriatic plaques with visible and near infrared electro- 
raagnetic radiation. 

Psonasis Is a relatively common skin disease that 
appears in a few percent of the population. Prior art 
treatments of psoriatic plaques fall generally into two 
categories: the use of a topical drug (i.e., a drug that is 
applied to the skin externally) and the application of light 
to the psoriatic plaques. However, many of these prior 
art techniques have a common fundamental drawback: 
they offer relief to the patient for only a limited time. 

The topical drug treatment includes treatment by 
coal and wood tar dithranol and corticosteroids. These 
treatments produce acceptable results that last for no 
more than a few weeks. Detergent shampoos, salicylic 
acid ointments are also used, but they are also limited 
in their efficiency and the length of time of relief for the 
patient 

Treatments utilizing light generally use a portnn of 
the electromagnetic spectrum. For example, ultraviolet 
light in the UVA and UVB ranges is used extensively. 
This method of treatment offers a very limited relief to 
the patient and is used on a very frequent basis (typically 
once a week). Moreover, it provides limited clinica! im- 
provement and there is a risk of skin cancer due to the 
use of UV radiation. A psoriasis treatment using CO^ 
laser light has also been tried with limited success. 

A more recent prior art treatment of psoriasis uses 
a pulsed dye laser operating at a wavelength of 585nm. 
with a pulse duration of 0.4msec and fluences in the 
range of 6 to 1 0J/cm^. While this treatment was gener- 
ally effective, one significant drawback is the small spot 
size (of the order of 5mm) of a pulsed dye laser. The 
smaD spot size makes the treatment very Inefficient 
since psoriasis typically appears on large areas of the 
skin. Thus, the treatment becomes a time consuming 
procedure for the patient. The pulsed dye laser has oth> 
er shortcomings when used to treat psoriasis related to 
the fixed and relatively short pulse of this laser, and to 
the limited degree of tunability of this laser. 

Accordingly, a method and apparatus for treating 
psoriasis that provides effective relief for a relativefy 
long perk)d of time is desirable. Additkmally, the method 
and apparatus will preferably be efficient for treating rel- 
atively large areas of skin. Preferably, the treatment will 
utilize pulsed electromagnetic radiation in the visible 
and/or near infrared portions of the spectrum and over- 
come the drawbacks of the prior art treatments. 

According to a first aspect of the invention a method 
for treating psoriasis includes generating one or more 
pulses of incoherent electromagnetic energy and direct- 
ing the energy to a region of tissue to be treated. The 
pulses may have energy fluences In the range of 5 J/ 
cm2 to 200 J/cm* In an alternative embodiment the 



pulse duration and the number of pulses are selected to 
control a treatment parameter and optimize the treat- 
ment. The parameters that are controlled include the 
heating of healthy tissue and the penetration depth of 
s the energy. In another alternative the radiation is filtered, 
thus controlling the radiatkxi spectrum and penetration 
depth. The filtering may Include attenuating an UV por- 
tion of the radlatic^ spectrum. In one embodiment a 
large spot size is created to treat large area psoriasis 

10 plaque. A cooling gel is applied to the skin to be treated 
in another embodiment The gel may be cooled either 
before or after it is applied to the skin. 

An apparatus for the treatment of psoriatic plaque 
includes a housing that has a window, In accordance 

IS with a second aspect of the invention. A light source that 
produces incoherent radiation in the visible and near in- 
frared range of wavelength is placed in the housing. A 
reflector reflects and directs the light through the window 
to the plaque that must be treated. A filter removes un- 

^ wanted portions of the spectnjm, such as light in the UV 
range. The filter system may Include a fixed filter that 
attenuates the UV light and a variable filter that attenu- 
ates light betow a selectable wavelength. Alternatively, 
the variable filter may pass a selected bandwidth. In an- 

25 other embodiment a light guide is placed between the 
window and the skin to be treated, and directs the light 
to the skin. The light guide may be a flexible light guide 
for a small spot size or a quartz light guide for large spot 
sizes. Additionally, the light guide may filter a portion of 

30 the spectrum. A power supply that includes a pulse gen- 
erator is provided to power the light source in one em- 
bodiment. In another embodiment a microprocessor 
controls the power supply and the pulse duration and 
pulse delay. The mfcroprocessor may also Include a dis- 
ss play for displaying suggested treatment parameters. 

A third aspect of the invention is a method of pro- 
tecting a region of epkJermIs during a treatment of pso- 
riasis. The protectbn is effected by applying a gel to the 
region of epidermis to cool the epidermis. The gel may 

40 be cooled before or after it is applied to the epidermis. 
Other principal features and advantages of the in- 
vention will become apparent to those skilled in the art 
upon review of the following drawings, the detailed de- 
scription and the appended claims. 

^ The present inventton will now be described further 
hereinafter, by way of example only, with reference to 
the accompanying drawings; in whlch:- 

Flgure 1 is a schematic illustratton of one preferred 
so embodiment of the present invention; and 

Figure 2 is a graph of the effective penetration depth 
of light into bloodless skin (dermis) as a function of 
wavelength in the range of 400nm to lOOOnm. 

ss Before explaining at least one embodiment of the 
invention in detail it is to be understood that the inventbn 
is not limited in its application to the details of construc- 
tion and the arrangement of the components set forth in 
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the following description or illustrated in the drawings. 
The invention is capable d other embodiments or being 
practiced or carried out In various ways. Also, it is to be 
understood that the phraseology and terminology em- 
ployed herein is for the purpose of descriptbn and 
should not be regarded as limrting. 

The invention relates to a new method and appara- 
tus for treating psoriasis. Generally, the invention uses 
pulsed light, preferably incoherent, In the visible range, 
that causes the clearance of psoriatic plaque. In accord- 
ance with one preferred embodiment, the apparatus in- 
cludes a light source ihat provides electromagnetic ra- 
diation that penetrates Into the skin, and reaches depths 
of the order of 1 mm or more. Preferably, the fluence of 
the light will be sufficient to enable coagulation of the 
vessels feeding the lesion and the abnormal cells. The 
light is applied to the skin in pulses to help limit any dam- 
age to healthy tissue that surrounds the unhealthy tis- 
sue, that might otherwise be caused by heat conductiv- 
ity. Also, the spot size of the light will preferably be large 
enough, in the centimeter range, e.g., to enable efficient 
treatment of large areas of sldn. 

An apparatus in accordance with one preferred em- 
bodiment of the invention includes a high energy, 
pulsed, Incoherent light source, such as a flashlamp. A 
suitable flashlamp (typically in a linear configuration) will 
generate pulsed light in the visible and near infrared 
range of wavelength. The eqsparatus includes a fixed fil- 
ter system which cuts off the radiation spectrum, thus 
reducing the amount of electromagnetic radiation of 
damaging wavelengths that reaches the skin. Also, a 
variable filter system that has bwer cut off filters that 
atbw radiation above a given wavelength to be trans- 
mitted to the skin is provided in one embodiment. Alter- 
natively, the lower cut off filters allow a selected band- 
width of wavelength to be transmitted to the skin. The 
selection of the variable filter (and thus the wavelength 
of the transmitted light) will allow the optimal treatment 
to be provided. 

The light is directed to the skin through an opening 
in a housing that contains the flashlamp and the filter 
system in one embodiment. In another embodiment a 
light guide connected to the housing and in contact with, 
or in the vteinlty of, the skin is used to direct the light to 
the treatment area. Preferably, the system will produce 
fluences on the skin in the range of up to a few to hun- 
dreds of joules per square centimeters in either embod- 
iment. 

A coupling gel that can be used in some cases to 
enhance light coupling to the skin and enable better 
cooling of the epidermis during treatment. 

An apparatus made in accordance with the present 
inventk)n is useful for treatment of psoriasis. High ener- 
gy pulsed light can be an effective way of selective pho- 
tothermolysis of blood vessels and other parts of un- 
healthy tissue without damage of normal skin. Moreo- 
ver, an apparatus made in accordance with the present 
inventkm is safe and there Is little risk of acckJental injury 



to the operator and patient. 

Referring now to Figure 1 , a treatment device 1 0 for 
Ueating a region of skin 6 made in accordance with the 
present invention is schematically shown and includes 
s a flashlamp 1 and a reflector 2 disposed in a housing 5. 
In the preferred embodiment flashlamp 1 has a linear 
shape, although other shapes could be used. 

Flashlamp 1 may be operated in pulse mode and 
produce light radiation able to penetrate into a tissue at 
10 the millimeter depth or deeper. The pulse rate and delay 
rate may be selected to provide high radiation density 
on the treated surface and avoid the overheating of sur- 
rounding health tissue due to heat conductivity process. 
A fluence in the range of from a few joules to more than 
IS tens of joules on the surface of skin 6 over an area of 
several square centimeters, and preferably in the range 
of from 5 J/cm2 to hundreds of J/cm2 (200 J/cm^, e.g.) 
is provided by flashlamp 1 . The light source will prefer- 
ably provide a spot size variable from at least some cen- 
20 timeters to some millimeters. 

Reflector 2 forms the light beam and reflects it to a 
light guide 4. In one embodiment reflector 2 may be a 
metallic reflector. Typically, polished aluminum, which is 
an easily machinable reflector and has a very high re- 
2S fiectivity in the visible range of the spectrum, can be 
used. Other bare or coated metals can also be used. 
Reflector 2 preferably has a shape and cross sectkxi to 
focus light produced by flashlamp 1 at a desired loca- 
tion, such as at the proximal end of light guide 4, or on 
30 the surface of skin 6 which is to be treated. One such 
reflector is described in U.S. Patent No. 5.405.368. 
which is hereby incorporated by reference. 

A filter system 3 is disposed within housing 5, adja- 
cent an opening or window 11. Filter system 3 is thus 
35 located in the path of light directed from the flashlamp 
1 to the light guide 4 and/or skin 6, and will affect the 
spectrum of light provided by device 10. Filter system 3 
includes one or more fixed filters that attenuate electro- 
magnetic radiation having wavelengths (such as light in 
40 the UV range) that will damage the skin and/or overheat 
shallow layers of skin. Also, in one embodiment, filter 
system 3 includes one or more variable filters that have 
lower cut off filters and allow radiation above a given 
wavelength to be transmitted to the skin. In an altema- 
4S tive embodiment the variable filters transmit a selected 
bandwidth of wavelength to the skin, thus reducing the 
need for the fixed fitters. 

The depth the treatment light penetrates into the tis- 
sue or skin 6 is dependent upon the wavelength of the 
so incident light (as will be discussed in greater detail be- 
low). Thus, the penetration depth may be controlled by 
the selection of the filters. Accordingly, the selectbn of 
the variable filter (and thus the wavelength of the trans- 
mitted light) may be done to optimize the treatment 
ss Additionally, in an alternative embodiment spectral 
control is achieved by controlling the parameters of the 
pulse provkled to flashlamp 1 . For example, a spectrum 
with longer wavelengths may be obtained by decreasing 
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the arc current in the flashlamp. 

A power source 8 provides power to flashlamp 1 to 
produce the pulsed light output. Power source 6 prefer* 
ably provides single or multiple pulses with delay be- 
tween pulses which varies from several milliseconds to 
hundreds of milliseconds. The total fluence to the treat- 
ed area is the product of the number of pulses and the 
fluence per pulse and preferably may reach a value of 
hundreds of joules per square centimeter. The pulse du- 
ration can be varied in the range of hundreds of micro- 
seconds to tens of milliseconds in the preferred embod- 
iment, and the fluence per pulse is variable in the range 
of a few joules to hundreds of joules per square centim- 
eters. Power source 6 may include a pulse forming net- 
work, such as that shown In U.S. Patent No. 5,405,368, 
or other circuitry to produce the desired pulses. 

Pulse parameters are controlled by a microproces- 
sor based controller 9 in the prefen-ed embodiment. Mi- 
croprocessor based controller 9 provides the timing 
(unctions and prompts the trigger signals that cause 
power supply 8 to deliver the pulses of power to flash- 
lamp 1 . In one embodiment power supply 8 and control- 
ler 9 are disposed within housing 5. 

In an altematlve embodiment microprocessor 
based controller 9 includes a user Interface, such as a 
display screen and keyboard, buttons, mouse, or other 
Input device, and may be a personal computer Control- 
ler 9 may have infomiation stored therein that aids in the 
selection of treatment parameters. The physician inputs 
patient infomnation, such as the depth needed to be 
treated, and the microprocessor provides suggested 
treatment parameters, such as wavelength, filter selec- 
tion, pulse width, and pulse delay. The physician can 
alter these suggested parameters, but need not refer 
back to operating guidelines for suggested parameters. 
This alternative may be used with light sources other 
than a flashlamp, such as UV or a pulsed laser. 

Light guide 4 directs the light to the treatment area 
on skin 6. If the area to be treated is difficult to access 
objects or small plaques are to be treated, light guide 4 
may be a flexible light gukje with the spot size of several 
millimeters. Alternatively, it large areas are to be treated 
light guide 4 may be a broad quartz light guide with a 
spot size of several centimeters, or the use of a light 
guide may be omitted altogether. 

Light guide 4 may be used for spectral control in one 
alternative embodiment Spectral control can be 
achieved by making the light guide from a material that 
had an absorbing dye dissolved therein. Thus, light 
transmitted by the light gukfe will have a spectrum as 
determined by the absorbing dye. 

The treatment Is accomplished by coagulation of 
hemoglobin and overheating of tissue with abnormal 
pigmentatkjn. However, to avoid overheating of normal 
epidemiis and decrease pain, a transparent gel 7 may 
be applied on treated skin surface 6. 

The cooling time t of an epidermis that has typical 
dimension dand diffusivity a can be written as: 



The epidermis has typical cross dimensions of less 
s than 0,1mm. The diffusivity is approximately 
a=3x1 0'^m^sec"^ . When a gel is applied the typical cool- 
ing time of the epidermis will be on the order of 30msec. 
Application allows the epidermis to cool during a pulse 
and to avoid adverse effects if the light pulse duration is 
10 approximately the same as the cooling time of the epi- 
dermis. In order to increase the cooling effect the gel 
may be previously cooled down. Alternatively, the gel 
may be cooled after it is applied to the skin. 

As stated at>ove, depth of penetratkxi can be con- 
IS trolled by selection of appropriate wavelength range. 
The effective depth of penetration into the skin can be 
estimated by using the effective attenuation coefficient 
of the dermis that takes into account scattering and ab- 
sorption of light. As described in S. L Jacques. Role of 
Skin Optics in Diagnostk; and Therapeutic Uses of La- 
sers, Springer-Verlag. 1991, pp. 1>21. effective attenu- 
ation coefficient of the skin can be written as: 

M.ff=l3)i.(ji.+H,(1-flr)))'* 

where Ma is an absorption coefficient of dermis, is a 
scattering coefficient of dermis, 9 is the anisotropy factor 
which is defined as the average cosine of the scattering 
angle for one scattering event The effective penetratkan 
depth which can be estimated from 

d=1/H,„ 

and is shown in the Figure 2 as a function of wavelength 
in the range of 400nm to lOOOnm. As shown, radiation 
with longer wavelengths penetrates deeper Into the skin 
than radiation of shorier wavelengths. 

The effective penetration depth d is defined as the 
depth at which the fluence impinging of the skin reaches 
1/0 of the value on the surface of the skin. As shown in 
Figure 2, penetration goes up by a factor of almost two 
when the wavelength is increased from 500nm to 
600nm. Penetration depths of 2mm can be achieved at 
a wavelength of 800nm. Thus, In the prefen-ed embod- 
iment the spectmm of the tight that reaches skin 6 has 
a wavelength selectable over the range of 400nm to 
lOOOnm, and particularly from the range of 500nm to 
600nm and as high as eoOnm. As stated above the 
spectrum may be controlled using filters, light guides, or 
pulse wkfths. Thus, proper filtering and the use of a gel 
allows selectivity of treatment to be achieved by selec- 
tion of a desired spectnjm of radiatk)n and by cooling 
shallower skin layers. 

Thus, it should be apparent that there has been pro- 
vkied in accordance with the present invention a method 
and apparatus for treating psoriasis that fully satisfy the 



2S 



30 



3S 



40 



4S 



SO 



7 



EP 0765 674 A2 



8 



objectives and advantages set forth above. Although the 
invention has been described in conjunction with spe- 
cific embodiments thereof, it is evident that many alter- 
natives, modifications and variations will be apparent to 
those skilled In ths art. Accordingly, it is intended to em- 
brace all such alternatives, modification and variations 
that fall within the spirit and broad scope of the append- 
ed claims. 

Claims 

1. An apparatus for the treatment of psoriatic plaque 
comprising: a housing (5), including a window (11); 
a light source (1) disposed within the housing, 
wherein the light source Is capable of producing in- 
coherent radiatbn in the visible and near infrared 
range of wavelength; a reflector (2) disposed within 
the housing and further disposed to direct the light 
through the window; and a filtering system disposed 
in a path of the radiation. 

2. An apparatus as claimed in claim 1 further Including 
a power supply (8) having a pulse generator in elec- 
trical communication with the light source wherein 
the power supply includes a control input for receiv- 
ing a plurality of signals that control the pulse gen- 
erator, and further including a microprocessor (9) 
having a control output in electrical communication 
with the control Input. 

3. An apparatus as claimed in claim 2 wherein the mi- 
croprocessor includes means for displaying sug- 
gested treatment parameters. 

4. An apparatus as claimed in any one ot claims 1 . 2 
or 3 wherein the filtering system includes a fixed fit- 
ter that attenuates radiation in an UV range. 

5. An apparatus as claimed in any one of claims 1 to 

4 wherein the filter system includes a variable fitter 
that attenuates radiation below a selectable wave- 
length. 

6. An apparatus as claimed in any one of claims 1 to 

5 wherein the filter system includes a variable filter 
that attenuates the radiation outside of a selected 
bandwidth. 

7. An apparatus as claimed in any one of claims 1 to 

6 including a light guide disposed adjacent the win- 
dow and capable of directing the radiation to a treat- 
ment region. 

8. An apparatus as claimed in claim 7 wherein the light 
guide is a quartz light guide. 

9. An apparatus as claimed in claim 7 or 6 wherein the 



light guide filters a portion of a radiation spectrum. 

1 0. The use of apparatus according to any one of claims 
1 to 9 in a method of treatment of psoriatic plaque. 
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